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Introduction
Oceans constitute an important source of renewable energy which remains today largely untapped. In order to face the increasing demand for energy and the public desire to produce energy with low environmental impact, and also to reduce dependence on fossil energies, the exploitation of marine resources generates a growing interest. In particular, it has been observed that marine renewable energy could make a signicant contribution to electricity production [1] .
Several kinds of marine converters have been so far proposed for extracting marine energy from wave, tidal current, wind or exploiting thermal and salinity gradient. However, the choice of the best site and technological options for marine energy converters is a complex decision process involving several spatial and technical dimensions which interact to each other. First, the spatial component is closely related to the search of the best implantation site. Sites are chosen principally for their energetic potential and characteristics to accommodate a specic type of systems. Secondly, the selected technologies must also be designed for an optimal exploitation of the available resources, while respecting the constraints of the environment. These constraints come from dierent domains and may be contradictory to each other. Therefore, the decision process should integrate these dierent parameters in a integrated fashion. Accordingly, a decision-aid software might be an appropriate solution to present a set of options and to facilitate expertise between stakeholders (i.e., evaluation of optimal locations, best technology choice and design, farm dimension conguration). This paper focuses on marine current but can be extended with some minor adaptations to wind turbines. The objective is to present a model for cost and energy which, aggregated to other criteria, will allow us to nd an optimal location for a marine converter farm, and to choose the harnessing systems in terms of technology choice, size, power rating and number of machines.
On the one hand, identifying the best location to implement an oshore energy farm can be treated as a geographical problem, Geographic Information Systems (GIS) have been especially designed to solve this kind of problem [2] . On the other hand, constraints coming from the technology side provide quantitative and qualitative inputs and outputs (particularly societal aspects). The combination of GIS and multi-criteria analysis should help the users to evaluate various alternatives taking into account multiple and conicting criteria and objectives [3] . The objective is to establish a methodology to elaborate such a reasoning framework. Overall, the approach will provide a complete decision-aid process ( Figure 1 ). The rst step of the approach presented in this paper is to introduce the two criteria used to estimate energy costs. These two criteria are integrated in a complex decision process tool which includes geographical constraints [4] . In the present paper, the focus is drawn to the methodology rather than consideration of all technologies, this being limited regarding the availability of tidal turbine data. The developed system should be modular. The energy-and cost-based model derived suggested in the next sections considers the most relevant parameters, but the nal user will be free to adjust, remove or to add additional parameters. The marine converter farm planning approach is taken up at a "macro-level" view, this is the reason behind the choice of an accuracy degree the most suitable.
The reminder of the paper is organised as follow. Section 2 presents the methodology and a brief presentation of the criteria used for the marine converter farm planning decision-aid tool. Section 3 develops the models used for estimating: 1) the energy produced for given time periods and locations according to the converter type (design and technical solutions), and 2) the global cost of the project including the farm cost and the cost of installation/dismantling and maintenance operation. These estimation models integrate dierent components from current research. The dierent measures used are adapted to our global approach [57] . A case study will nally illustrate the energy model and the way it can be applied to dierent technologies in section 4. Finally section 5 summarizes our work and outlines further work.
Methodology
Many works have been developed so far for wind and tidal turbine technological choice, design and optimization [811] . These works mainly address the problem of extracting the maximum energy available and the reduction of global losses. Solving this problem leads to optimize the design of each part of the energy chain, and also to evaluate the impacts of the technologies used. Many technological options can be applied to the design an energy chain. For tidal energy (as wind energy), two types of turbines can be used: horizontal or vertical axis systems. The number of blades [12] , blade shape [13, 14] and the presence of pitch and yaw systems are possible options for turbine design. Regarding the drive train, the use of gearbox or the use of direct driven systems are possible choices. For the generator, induction (squirrel cage or double fed) or synchronous generator (PM or wound rotor) can be used. There are also several possible options in terms of power electronic and variable speed control [15] . The combination of the possible technology choices in the dierent parts of the whole energy chain increases the number Figure 1 : Global Multicriteria approach where the models will be inserted of technological possibilities. It can be noticed that all these combinations are not possible (as an example it is practically not possible to design a system associating an induction generator without a gearbox). Hence, various models of optimization have been proposed [1618] for wind turbine in order to optimize the design of the systems in terms of compromise between investment cost and energy production. An important issue in energetic project planning is the cost of the energy (CoE), it can be calculated as adapted from [5] :
where AEP net is the Annual Energy Production, T C is the total cost including converters, installation\dismanteling and annual operating expenses (maintenance, land lease cost, etc.), i denotes to the number of years (commonly life-span of n y = 20 years is considered for wind turbine).
Two models have been developed to determine the cost of energy (CoE), one for energy assessment and one for cost estimation. The evaluation of the produced energy is derived from a resource model (that depends on the site location), a performance model (performance of each component of the conversion chain) and an estimation of the operational time of the system (based on the downtime statistical rates of each component). On the other side, the estimation of the global cost of the project includes two kinds of expenses. The rst one is related to the farm cost. This cost evaluation is specic to the devices (technology used, number of machines, converter design, electrical transmission). The second one is related to the farm geographic location (installation/dismantling and maintenance operations costs) which depends on several parameters such as depth, nature of seaoor, distance from ports and networks). The number and nature of maintenance operations also depend on a statistically evaluated failure data of the components. These two models are developed in the next sections.
Produced energy by a marine current turbine
The process that estimates the amount of produced electricity depends on three components:
the available resources, performance of the extracting system (which depends on technology and control) and running time of the system. Regarding these technical performances, the principal components taken into account are the turbine, gearbox (which is not used in direct The evaluation of the total extracted energy, E te , follows the model described by the scheme illustrated in Figure 3 . This section is organised according to the dierent steps of this process: Thanks to their astronomical origin, tidal current velocities are predictable with an accuracy of 98% for decades at rst order (without considering the possible perturbation related to sea states). The resource model used is the one proposed by the SHOM in [19] , a model that has been developed for the specic case of the Atlantic French coast. It has been used in [20] to predict the performance of a marine turbine. The current velocity vector, V tide (h) can be determined for each tidal hour of each tidal cycle characterized by a tidal coecient, C. The value and direction at each time can be interpolated. This interpolation is based on the known values of tidal current velocities vectors for each tidal hour, h, for the average tidal coecient for spring tides (C = 95), V st (h), and for the average coecient for neap tides (C = 45), V nt (h). The values of V nt and V st are given in tidal current charts for each location. Overall, the vector corresponding to a given tidal cycle coecient, C, for the tidal hour, h, can be calculated as follows:
Equation (2) derives the uid and direction velocity in one place for any hour. As an example Figure 4 from [20, 21] shows the evolution of the current speed value during one month and one year in a location situated in Raz de Sein in North West France. For each location, assuming ow velocity (at neap and spring tides) and a tidal coecient, it is also possible to represent the current ellipse representing the directions of current velocities for each tide hour. The current direction is important to qualify the capacity of some devices to harness the kinetic energy. In fact, if currents are not always oriented along the turbine axis, the extraction of energy may be sometimes limited. In a marine turbine context, horizontal axis turbines are often used without yaw systems to limit maintenance operations [22] . Therefore, they cannot extract eciently the energy when the current is oriented with a too large dierence of direction regarding to the turbine axis. Moreover, one can remark that some blades prole used in turbines can have a dierent power coecient depending of the way the stream goes through the turbine (asymmetric blades). Overall, this kind of turbine has a preferred direction to extract the energy.
In some cases, horizontal axis marine current turbines can be surrounded by a duct. Here, the stream is accelerated so a turbine with a smaller diameter can be used for a given power, or otherwise, and for a given diameter, a larger amount of power can be extracted by the turbine. In this case, the level of power is dictated by the duct entrance diameter [22] . Furthermore, with an optimized design, the duct extracts eciently the energy from the stream with a deviation depending on the duct aperture.
On the other hand, vertical axis turbines can receive the kinetic energy of the water perpendicular to its rotation axis. However, these turbines have lower power coecients than horizontal axis turbines. In a location where the current directions are strongly disaligned with a main direction, their lower power coecient can be compensated by the fact that these turbines can extract eciently energy from all directions of currents. Depending on the location, the current can statically deviate more or less from a main direction. This means that some machines are therefore more suitable than others to capture the energy as a function of the site location.
Using the model previously introduced in eq (2), one can calculate the distribution of the equivalent velocity in time along a given orientation (this includes a yaw attenuation which depends on technology choice). This statistical distribution corresponds to the resource which can be practically harnessed by a healthy given system. Figure 5 gives an example of the current velocity distribution along a preferential direction in the Raz de Sein in Brittany for a 703 days period. As for wind, the tidal current turbine kinetic power density in one place and at one time can be calculated from the kinetic power density of uid mass moving through an elementary section (1 m
2 ), and it is given by:
where ρ denotes the uid mass density (kg.m −3 ), V f the velocity of the uid (m.s −1 ).
This power density is given by surface section unit and can be expressed in W/m 2 Whatever the type of turbine used, the power extracted is a part of the kinetic power which crosses the area, A (m 2 ) swept by the turbine blades and that can be calculated as follows:
where C p is the power coecient of the turbine.
C p values depend of the design of the turbine (horizontal or vertical axis, and the number of blades, blades shapes). C p curves can be established using several simulations or tests at various uid speeds and various rotating speeds [23] . For a given turbine design, the C p function depends mainly on two parameters: β, the pitch angle and λ, the tip speed ratio (TSR) dened by: Figure 6 gives an example of C p curves as a function of the TSR and the pitch angle for a given horizontal axis tidal turbine [20] . Figure 6 : Power coecient functions [20] The maximal value of C p is theoretically limited by the Betz Law to 16/27≈0.59. In a practical case, the maximal value of C p for a given turbine geometry is often in the [0.4, 0.5] range depending of the turbine technology and design. For example, the horizontal axis turbine has a better C p (typical maximal value around 0.5) than vertical axis Darrieus Turbine with a maximal value around 0.4, [24] . Table 1 presents a summary of the dierent technologies that can be used and the corresponding ranges of maximal value of C p (according to [12] ), C pmax , and yaw attenuation. In an horizontal axis systems, the yaw angle (deviation between the ow and axis directions)
has also a strong eect on rotor performance as shown in gure 7 from [25] . In order to model this eect a coecient of attenuation, η yaw (α), can be introduced in the calculated power, depending on the yaw angle. This attenuation function can be modelled as suggested in [6] :
This attenuation in terms of power corresponds to an equivalent uid velocity, V eq , along the turbine axis.
This attenuation will be used for tidal turbines with a xed orientation. 
Operating curve (box 4)
The typical operating curve of a wind or current turbine is shown by Figure 8 . This curve can be divided in four sections [26] . The design of the tidal turbine energy chain is mainly dened for a nominal uid speed V R .
Zone 1: the uid speed is below the starting speed of the uid V S . The turbine does not work because the turbine does not produce sucient energy to compensate the system losses.
Zone 2: the uid speed is between the speed V S and rated speed V R . Accordingly, the extracted power is maximized controlling the speed (torque), using the generator power electronics drive, and eventually pitch control. These controls are used to maintain the system in its maximal power point (which corresponds to the maximal value of C pmax ).
This control strategy is called Maximal Power Point Tracking Strategy (MPPT). Therefore, the energy model developed in this paper considers that the mechanical power extracted by the turbine in this area is given by:
Zone 3: the uid velocity reaches the value, V R , corresponding to the system power rating in the MPPT strategy, P R . Beyond this rated uid speed, the cost of the extra sizing of the generator and structure would not be recovered by a production increase. The C p value must be controlled to limit the mechanical power. Two types of regulation can be used [27] . The C p value can be adjusted by a control of the turbine speed or a pitch control or by a combination of the two control systems. The pitch control is the preferred option for large wind turbines. However, in the case of marine turbines, pitch control is sometimes eliminated to reduce the maintenance constraints and to increase robustness. Accordingly, the power should be limited using speed control only [28] . For the developed energy model, let us consider that the extracted mechanical power is equal to P = P R when the value of the uid velocity is greater than V R .
Zone 4: this corresponds to the area where the uid speed exceeds the maximum speed permissible by the system. Above this speed, it is preferable to stop the turbine to reduce the risk of damage and the turbine does not produce energy.
Regarding the operating conditions corresponding to zone 2 and zone 3, a variable speed system is needed. Power electronic drives are used for variable speed turbine control in both tidal and wind systems. They allow the adjustment of the generator electrical frequency and voltage to the grid. The advantage of using power electronics is to harness the optimal energy and to control precisely the extracted power and the turbine speed. However, extra costs and additional losses are associated to these electronics drives [27] . The estimation of the total extracted energy, E te , is based on the knowledge of the behaviour and eciencies and the downtime statistical rates of each component and the available resource data. Two inputs can be observed. The rst one is the statistical uid velocity data (values and direction) and the second one is the chosen technological options.
System sizing is characterized by a technology choice (turbine/generator/converter type) which allows to determine the corresponding value of C pmax , a geometrical sizing of the turbine (which allows to determine the cross area, A), and a power sizing of the converter and generator set (which allows to determine V R , V M and corresponding power P R ).
Regarding the power curve model (box 4), it appears that the values C pmax , V S , V R , V M and P R are sucient to determine the extracted power, P m (V i ), which can be mechanically extracted by an healthy turbine for each value of the uid velocity, V i , in the identied potentially harnessed resource distribution range. V i is the corrected value of the uid velocity taking into account the yaw eect(yaw attenuation in case of xed orientation turbine) Considering this potentially harnessed resource distribution (i.e. the number of hours corresponding to each velocity in the lifetime of the system, Oc(V i )), it is possible to evaluate the total amount of mechanical energy, E tm , which can be extracted by an healthy given turbine in a given site:
This energy is given in Watt.hour (W.h).
In order to evaluate the real electrical energy, E te , provided to the grid it is necessary to integrate, in this equation, for each of the dierent component, C i with i ∈ [1, k], of the energy chain, an eciency estimation η(C i ) and the relative downtime rate D(C i ) (downtime relative time reported to the life time of the system). This statistical failure rate depends on the considered component technology and the accessibility of the system (capacity of maintenance intervention in situ). The eciencies are related to the specic behaviour of each component. These statistics show that eliminating components as gearbox, yaw or pitch systems generate signicant reductions of global system downtime, and an increase of the extracted energy. Moreover, the gearbox has been identied has one of the most critical component due to its high rate of failure and the time needed to repair it (this component is responsible of 22.4% of the total downtime in the case of Swedish onshore wind farms) [30] . This explains the interest of using direct drive technologies to minimize the number of interventions in an oshore and tidal context.
Eciency estimation of each component
The eciency of each component, as a function of the operating point, can be found in technical data sheets of the component builders. The main components that take part in the global eciency of the conversion chain are the gearbox, generator, converters, transformers, and cables.
The knowledge of the components eciencies allow the computation of the produced energy. The gearbox and the generator are the principal components inuencing the drive train possible conguration. When considering the case of the Double Fed Induction Generator (DFIG) and the Permanent Magnet Synchronous Generator (PMSG), this leads to three dierent solutions and then to three drive train eciencies. The consideration of the pitch system in the energy extraction strategy broadens the set of solution to the four congurations, which are considered in our study. Indeed, other associations can be found as DFIG with one stage gearbox for instance but in our methodology the congurations included depend on the availability of data which have been found in the literature.
The studied conguration with a pitch system are as follows: Conguration without a pitch system are as follows: The drive train eciency can be estimated using the main components listed in Table 3 . In the particular case of the DFIG design; the power converter eciency aects only 33% of the extracted power. Indeed, we consider an operating point where around 1/3 of the power comes through the converter and the 2/3 remaining is transmitted directly by the generator to the electric grid (the converter need only to be rated at around 1/3 of full rated power as explained in [31] ). It can be also noticed that this model considers that the eciency of each component does not vary with the operating conditions in a rst approximation and correspond to a point at 50% of the rated power. These eciencies values are given in bold in Table 3 .
In a context of maximization of the produced energy, the direct drive PMSG solution is clearly a relevant compromise in term of reliability and eciency comparing to the geared congurations.
However, DFIG is the most lightweight and low cost solution. Concerning the PMSG with 1-stage gearbox, this solution presents one of the best ratios of the annual energy yield cost [33] .
A qualitative comparison of the dierent drive train congurations is shown in Table 4 .
Marine farm system cost

Initial cost
An oshore tidal turbine farm should include the following elements: a set of wind turbines and their foundations, a transformer station located at sea or on land (depending on the distance to the coast and the total power of the farm), a network of submarine inter-turbines cables (buried or not depending on the seaoor type), a network of submarine cables for transmitting energy from the oshore substation to the shore station and a connection cable to the electric distribution grid (Figure 9 ). This conguration is similar to an oshore wind turbine farm.
The global cost of the system is characterized by two models, the rst one is the farm cost and the second deals with maintenance operations. The cost evaluation is not an easy problem because the price of each component depends on manufacturers and uctuates with the inter-turbines and underwater cables (this cost, C cable , depend on the farm conguration and the distance to the network), oshore substations rating (based on total farm capacity) and installation.
The cost of the global farm including n turbines can be therefore approximated roughly as follows:
Turbine cost
The turbine cost can be, for example, estimated through a component model such as the one presented in [5] . This kind of estimation can be performed using the systems component type and characteristics. A preliminary calculation of the cost of each component according to their mass, power rating or volumes can be evaluated.
Then, if a turbine is composed by k component the turbine cost, C turbine can be determined as follows:
Foundation cost
The cost of the foundations (construction and installation) represents from 20% to 25% of an oshore wind turbine project cost [34] . The water depth has a strong impact on the foundation type structure and the geology also aects the choice of the foundation. In the rst instance, each depth range can be associated roughly to a respective foundation type. Gravity or monopole is for example used for shallow water, tripod or jacket structure for intermediate water and oating structure for high depth. An estimation of the cost including the water depth in main input parameter can be done in rst order. These foundation costs can be approximated as in [35] However, experiences derived from the oshore oil industry clearly show that the foundation cost is conditioned by many other factors such as oceanographic and meteorological conditions, local geology, proximity to industrial harbours, and availability of the specic logistic necessary installation. Some of these factors are taken into consideration in the next section, that is, the installation and extrapolations that have been performed for the marine current turbine case.
Installation/Dismantling cost
As mentioned previously, several factors such as the proximity of equipped harbours aect the cost of the project. The installation cost mainly depends on the necessary time needed to realize the implementation of all turbines in the farm. This cost depends on the harbour distance but also on transportation means and their storage capacity which inuences the installation time.
A preliminary evaluation methodology of this cost integrating the location parameter, distance to port D port , and the type of transport is given by [35] for wind turbines wind farms and will be used for tidal turbine farms as follows:
With N W T , N V essel and N W T /N vessel denote respectively the number of turbines, number of vessels used for transportation, and vessel capacity (in number of transported turbines). C t , C i and C mob denote respectively the daily cost of transport and installation and the mobilization cost of each vessel. t load , t i and t prep denote respectively the loading time of each structure, installation time and preparation time for the installation.
Weather conditions can strongly impact installation and maintenance operations. These operating conditions depend on the state and wind level, and accessibility to the system. Oshore operations are typically not carried beyond to a wind speed of 12 m/s and a wave height of 2 m [7] . The decommissioning operations of marine energy systems are other sources of expenses to be taken into consideration. Indeed, the question of the end life of a farm is a constraint to integrate from legal and technical points of view. The dismantling operation may be considered as an inverse process of the the installation operations and will be subject of similar constraints [36] . In our current work, the decommissioning cost is calculated as in [37] where it is estimated at roughly half of installation costs.
Maintenance operation (box 5)
Maintenance operations can be divided in two categories: preventive maintenance and corrective maintenance [38] . Preventive maintenance includes the planned operation due to the specicity of the elements of the system (fatigue, wear, corrosion, and erosion). This kind of maintenance is principally xed to decrease the probability of failure or to provide necessary operations. It may also include the following operations: inspection, adjustments, lubrication, etc. The preventive maintenance cost (C pm ) can be calculated as follows:
where n m is the number of planned maintenance during the life time and C m the cost of each intervention.
Basically, for the preventive maintenance of the drive train of a wind turbine, a two-person crew performing twice 8-hour per day is scheduled twice a year [39] . The cost of these operations depends on the access capabilities to the machine which is a key feature in oshore and underwater systems. This is why some projects propose some specic systems to facilitate maintenance operations particularly in marine turbine contexts. For example, MCT Seagen Technology proposes a system to raise the turbine over the water surface [40] . Accordingly, the majority of maintenance can be carried out of the water and the cost of maintenance operations are probably of the same order than in the case of an oshore wind turbine.
Conversely, corrective maintenance refers to non-scheduled interventions. The main purpose is to repair failed items. This kind of maintenance operations can be also an opportunity to carry out preventive maintenance on other systems. In order to estimate the cost of corrective maintenance (C cm ), the knowledge of the probability of failure of each component should be considered.
This probabilistic data is not easy to evaluate due to the non-disclosure of manufacturer data.
It can also be noticed that these data depend on the environment (temperature, corrosion, etc.) and also of the preventive maintenance frequency for each component. 
In order to estimate the corrective maintenance, a probability of failure rate and needed intervention level is assigned to each component failure. The failure probability of the component and three hours for the fourth category with the presence of only two technicians in both cases [7] .
Energy calculation case study
In order to illustrate the pertinence of our approach, let us introduce the case study. The marine energy production potential is determined for two sites in Raz de Sein area in Brittany
France. This area and the location of the sites are presented in Figure 10 . The energy potential of these two sites is derived as a function of the technology. The Raz de Sein is is a well-known area for its strong tidal currents. This area is considered as one of the most promising places for marine current turbine implantation. The two chosen experimental sites are characterized by two dierent current congurations ( Figure 11 ). In these two sites, the methodology previously established to estimate the energy produced is applied for two types of turbine (an horizontal axis turbine without yaw and without duct and a vertical axis Darrieus type turbine).
Figure 10: Raz de Sein area and locations where current velocity is > 1 m.s −1 for 30%, 40%, 50% and 60% of the time Figure 11 shows the ellipse current of the two sites during a full year. The rst site presents a bigger current ellipse asymmetry than the second one. For the two sites, the amount of energy collected, and the corresponding average power is calculated for vertical axis turbine (VA) and horizontal axis turbine (HA) cases. Firstly, a theoretical ideal turbine (C p =0.59, operating at Betz limit) in all the directions)is considered as a reference. In this theoretical case, the asymmetric ow site has a potential energy of 1. In order to exploit the potential of both sites, 500 kW marine current turbines with a swept area of 113.1 m 2 are considered(this area corresponds for example to a 12 m diameter HA turbine or a VA turbine with 10 diameter and 11.31 m length). Two kinds of turbine with the same section are tested at both sites, one with an horizontal axis and the other one with an vertical axis. The specic parameters used for these turbines are illustrated in Table 1 . Table   6 shows the characteristics and the energy produced for both sites and the two turbines during one year. In both cases, the HA turbine with a xed orientation produces more energy than the VA turbine (around 11% and 13% high for the site 1 and 2 respectively). These results show why the industrial projects are now mainly focus on HA turbine technologies. However, in the case of an higher asymmetrical or a more circular distribution a VA turbine could produce more energy. Regarding site 1, it has been also observed that if the turbine swept area decreases (for example if the depth limits the turbine radius), the VA turbine will be more ecient than the HA one. With a ve-meters diameter HA turbine and an equivalent surface VA turbine, a VA turbine produces around 11% more than an HA turbine (Table 7) . In this particular case where the depth is a restrictive constraint, the VA might be appropriate. Let us now have a rough estimation of the installation cost of such marine turbine in this area. The dierent cost parts are relative to the elements presented in Table 8 . While approximated, these data nevertheless constitute the majority of expenses and allow us to introduce some geographical parameters. The cost of kWh for the best alternative is evaluated to 0.229 Euro/kWh for a single marine turbine with a 20 years lifetime. For a wind turbine as in Europe in 2010, the cost ranges is between 0.11 to 0.15 euros/kWh [41] . Therefore, the energy cost for a marine current turbine is signicantly higher than for a wind turbine. However, increasing the number of turbines will reduce this cost. Indeed, the cost of an electric system (line, transformer, etc) used for a farm is not proportional to the number of turbines. This is why the installation cost may be reduced if a farm with a large number of turbines is considered. The calculation of energy cost is based on the analogies with wind turbine component model. For some components, these models do not totally match with the marine current turbine application. The cost of these components are underestimated and, in some cases, removed from this application.
Based on a single criterion (i.e. the energy produced), an horizontal axis turbine for both studied sites is preferable for the considered technical conguration. Even with a site with an asymmetric (not extreme) distribution current, the HA turbine proves its eciency and why it is widely used. However, this example shows also that considering both resource characteristics and the technology choice is crucial in order to fully assess the economic interest of a marine energy site. This also shows that it is necessary to combine several concepts depending on the mechanics and energy conversion choices. These concepts should be taken into account by the spatio-temporal analysis in order to establish an ecient decision-aid tool for a marine energy systems implantation.
In order to validate if such sites as potentially exploitable, future works have still to be performed. In particular, the developed model should also integrate the environmental constraints within the decision process. In particular, it will be necessary to insert additional natural constraints such as biologic parameters like possible impacts on the natural marine sediment, marine habitats, migration zones and the maritime ora. Another aspect for quantifying the environmental impact is to include the system life cycle assessment. Four parts have to be considered in the case of a marine converter farm [42] : production, transport, maintenance, dismantling. The benets on the environment should be also evaluated with the carbon and energy footprint.
The social acceptance constitutes another important criterion to take into account in the approach. The introduction of a new activity at sea is source of conict with sea users. Human activity at sea includes many forms (e.g. navigation, shing, drilling, cable, sh farming, leisure, natural areas, telecom, military activities, etc.). On land, public acceptance goes through the cultural and visual impacts, the landscape modication is a parameter to take into consideration as well as the social and economic impacts in term of tourism and employments. This paper presents a preliminary global methodology for building a decision aid-tool for selecting a marine converter farm site and farm design. The evaluation of the energy cost is one of the main criteria taken into account. We introduced a methodology that estimates the cost of the energy production and the produced energy. This method takes into account the site resource characteristics and several technology options for the main encountered technologies for marine current turbine. This methodology can be extended to other technologies, and particularly to wind turbine. These suggested models constitute a rst set of criteria involved in the decision process. They are developed in order to include several parameters depending on the location of the farm. In the decision aid-tool, the parameters included in these models can be modied by the user by taking into account the specic feature of a particular system in a modular way. This methodology is briey illustrated by a case study that concerns the energy production of a marine current turbine in the Raz de Sein in Brittany in North West France. This case study shows also that taking into account several technological possible choices and site characteristics(current, depth, location) are necessary to estimate the economic interest of a marine energy site and to identify a relevant technological choice.
As farm planning is not limited to energy cost energy, this decision-aid system has also to include in further work additional constraints for environmental and social acceptance assessment.
Indeed, the insertion of an oshore turbine farm must be integrated into several sustainable development dimensions: economic, technological, social and environmental [4, 43] . However, the proposed methodology is modular and many other criteria can be taken into account with some adaptations.
In further works, all criteria taken into consideration will be aggregated using a multi-criteria analysis method. The aim of such method will be to present a set of options and to facilitate stakeholders' expertise (i.e., evaluation of optimal locations, best technology choices and design, farm dimension conguration). Moreover, the approach will be integrated within GIS where the decision-aided system developed will face two kinds of problem: (1) to suggest the best converter
